Abstract Research is needed to understand the extent to which environmental factors moderate links between genetic risk and the development of smoking behaviors. The Vietnam-era draft lottery offers a unique opportunity to investigate whether genetic susceptibility to smoking is influenced by risky environments in young adulthood. Access to free or reduced-price cigarettes coupled with the stress of military life meant conscripts were exposed to a large, exogenous shock to smoking behavior at a young age. Using data from the Health and Retirement Study (HRS), we interact a genetic risk score for smoking initiation with instrumented veteran status in an instrumental variables (IV) framework to test for genetic moderation (i.e. heterogeneous treatment effects) of veteran status on smoking behavior and smoking-related morbidities. We find evidence that veterans with a high genetic predisposition for smoking were more likely to have been smokers, smoke heavily, and are at a higher risk of being diagnosed with cancer or hypertension at older ages. Smoking behavior was significantly attenuated for high-risk veterans who attended college after the war, indicating post-service schooling gains from veterans' use of the GI Bill may have reduced tobacco consumption in adulthood.
Introduction
Cigarette smoking continues to be a significant and costly public health problem in the United States. Cigarette smoking and exposure to tobacco smoke resulted in at least 443,000 premature deaths, approximately 5.1 million years of potential life lost, and $96.8 billion in productivity losses annually between 2000 (CDC 2008 . Studies on the persistence of smoking across the life span have consistently found heavy smoking in young adulthood to be a strong predictor of smoking later in life (Merline et al. 2004) . Moreover, few people begin smoking after adolescence (Kandel and Logan 1984) , and young adults who manage to quit smoking are generally able to avoid any significant lifetime health consequences (U.S. Department of Health and Human Services 1990) . These findings have motivated health policymakers and researchers to understand the complex influences that contribute to smoking initiation and cessation during this critical time period. However, the vast majority of research has telescoped its efforts around understanding either the social or the biological causes of early onset cigarette use, and has therefore neglected the extent to which environmental factors may moderate or mediate links between genetic risk and the development of smoking behaviors at a young age.
The Vietnam-era draft lottery offers a unique opportunity to investigate whether genetic predisposition to smoking is influenced by risky or stressful environments in young adulthood. Between August 1964 and May 1975 approximately 2.7 million Americans were inducted in the military-1,857,304 of which entered military service through the Selective Service System (U.S. Department of Veteran Affairs 2015; U.S. Selective Service 2015). Whether they were deployed to Vietnam or served outside the theater of war, conscripts were exposed to a large, exogenous shock to smoking behavior when they were approximately 19-22 years of age. All men who served had access to tax-free cigarettes at military bases and commissaries, and men in combat received free cigarettes as part of their K-and C-rations (U.S. Department of Health and Human Services 1989, pp. 425-426) . Given the high concentration of extant smokers at military bases and facilities, peer effects may have further augmented the effect of cheap or reduced-price cigarettes (Eisenberg and Rowe 2009 ). In addition, many servicemen were subjected to stressful, if not traumatic experiences, which could have led to elevated levels of depression and anxiety-both of which are associated with an increased risk of smoking (Glassman et al. 1990; Winefield et al. 1989) . While a few studies have used the draft lotteries to evaluate the causal impact of military service on smoking behavior and health, this study is the first to examine whether genetic susceptibility to smoking is influenced by military service in young adulthood.
To properly test for gene-by-environment (GxE) interactions between cigarette consumption and military service, we incorporate a polygenic score or genetic risk score (GRS) for smoking behavior into an instrumental variables (IV) framework. Specifically, because selection into the military is far from random, and likely to be correlated with factors like socioeconomic background or underlying genotype, we follow prior studies and use respondent date of birth files for cohorts born between 1948 and 1952 in the Health and Retirement Study (HRS) as an instrumental variable to code for draft eligibility. Instrumented veteran status is then interacted with a GRS for smoking initiation to test for genetic moderation, or heterogeneous treatment effects, of veteran status on smoking behavior and smoking-related morbidities. Existing efforts to find associations between genetic variation and social behavior in large, multidisciplinary surveys are often unable to support causal inference because they use endogenous measures of the environment, genotype, or both (Conley 2009; Fletcher and Conley 2013) . By exploiting natural variation in exposure to military service, this study lends insight into how physiological pathways might be moderated or mediated by environmental influences.
Our results show veterans with a high genetic predisposition for smoking-defined as having a GRS one or two standard deviations above the mean-were more likely to have been smokers, or smoke more than 100 cigarettes in their lifetime, and smoke in greater quantities on a day-today basis than comparable non-veterans with the same GRS. Veterans with a GRS one to two standard deviations above the mean were approximately 57-71 % more likely to have been smokers, and smoked 18-27 cigarettes more per day than comparable non-veterans. Critically, we find these effects were significantly attenuated for high-risk veterans who attended college after the war, indicating post-service schooling gains from veterans' use of the GI Bill may have reduced tobacco consumption in adulthood. We also find some evidence that high-risk veterans were more likely to be diagnosed with cancer and have higher mean arterial blood pressure (MAP) than comparable nonveterans.
The study is structured as follows. After reviewing the relevant literature on the genetics of smoking behavior and its relation to the draft lottery and military service in the ''Background'' section, we present an in-depth explanation of the data and methodology behind our causal GxE interaction model in the ''Data and descriptive statistics'' and ''Methodology'' sections. Finally, the ''Results'' section gives a detailed explanation of our results, and the ''Discussion'' section concludes.
Background
The genetics of smoking behavior Twin studies on the genetics of smoking behavior have found genetic influences play an important role in smoking initiation, cessation, and response to antismoking interventions.
Studies estimate heritability accounts for approximately 44 % of the variation in the frequency of smoking (Slomkowski et al. 2005 ) and 65 % of the variation in current and lifetime tobacco use (Maes et al. 1999) . Recently, genome-wide association studies (GWASs) of current and former smokers have identified genome-wide significant loci that are associated with heavy smoking in adulthood (Furberg et al. 2010; Liu et al. 2010; Thorgeirsson et al. 2010) .
Importantly, factors that influence smoking initiation appear to differ from factors that contribute to the persistence and quantity of smoking behavior. In particular, shared environmental influences play a larger role in smoking initiation than persistence, and there is considerable evidence that peer effects fuel onset in adolescence. However, only a few studies have integrated environmental and biological explanations for cigarette use (Boardman et al. 2008; Daw et al. 2013; Kendler et al. 2005; Timberlake et al. 2006) . For example, using twin data from the National Longitudinal Study of Adolescent Health, Boardman et al. (2008) find the heritability of daily smoking is higher in schools where the most popular students are smokers and reduced in schools where the majority of students are non-Hispanic and white. On the other hand, using findings from GWASs to derive a GRS for smoking quantity, Belsky et al. (2013) find high genetic Behav Genet risk leads to persistent heavy smoking, nicotine dependence, and difficulty quitting for individuals who progress rapidly from smoking initiation to heavy smoking during adolescence. The authors conclude interventions that disrupt the socially developmental progression of smoking behavior in young adulthood may mitigate the development of adult smoking problems for individuals with high genetic risk.
These findings signal the need for further research that can elucidate specific environmental mechanisms that moderate or mediate links between genetic risk and the development and persistence of smoking behaviors. This study is the first to use a polygenic score to measure genetic risk and a plausibly exogenous environmental exposurethe Vietnam-era draft lotteries-to identify whether military service shaped tobacco consumption across the life span.
The draft lottery as a quasi-natural experiment
Between December 1969 and February 1972, the U.S. Selective Service held four Vietnam-era draft lotteries. Each of these draft lotteries randomly assigned men in eligible birth cohorts ordered induction numbers through a hand drawing of birthdates. Individual birthdates (including February 29th) were assigned a corresponding number between 1 and 366, placed in a blue capsule, and then individually drawn until each day of the year was paired with a random sequencing number (RSN). Depending on the U.S. Department of Defense's needs for manpower, a cut-off number for draft eligibility was chosen for the following calendar year. Men with RSNs below the cut-off were considered draft-eligible for that particular year and were therefore more likely to serve, whereas men with RSNs above the cutoff were not at risk of conscription. The first lottery was held on December 1, 1969 for men born between 1944 and 1950; subsequent lotteries drafted men from the 1951 and 1952 birth cohorts, respectively. A final lottery was held in 1972 for men born in 1953, but since no new conscription orders were issued after 1972, these men were never called to service.
The random assignment mechanism of the draft lotteries has been used to identify the effects of war-time military service on a host of outcomes, including economic (Angrist 1990; , family (Conley and Heerwig 2011; Heerwig and Conley 2013 ) and health outcomes (Angrist et al. 2010; Conley and Heerwig 2012; Dobkin and Shabani 2009) . While earlier studies uncovered small but statistically significant effects of military service on mortality (Hearst et al. 1986 ) and earnings (Angrist 1990) , by and large studies that use the Vietnam-era draft lotteries as a quasi-natural experiment have been unable to uncover a causal link between conscription and long-term health outcomes, lifetime earnings losses, employment, or labor force participation.
To our knowledge, only a few studies have estimated the causal effects of military service on smoking behavior and health. Bedard and Deschênes (2006) estimate the long run effects of military service in World War II and the Korean War on smoking, mortality, and other measures of health. Since detailed individual-level data is not available for these veterans over time, they construct panels of all-cause and cause-specific mortality rates for different birth cohorts and use instrumental variable approaches that exploit variation in the proportion of men who served across birth cohorts. They find military service during WWII and the Korean War era is associated with a 30 % point increase in the probability of lifetime smoking, and 36-79 % of veteran deaths from heart disease and lung cancer are attributable to military-induced smoking.
Using the Vietnam-era draft lotteries, Dobkin and Shabani (2009) find no evidence of increased smoking behavior in the National Health Interview Survey (NHIS) over the years 1997-2004, indicating any increase in smoking behavior due to conscription in young adulthood likely dissipated by mid-life, or by the time veterans were aged 45-54. They also do not find evidence that Vietnamera service resulted in poorer health outcomes as these populations age, or across three successive time periods in the NHIS (1974-1981, 1982-1996, and 1997-2004) . Similarly, Eisenberg and Rowe (2009) find Vietnam-era military service increased the probability of smoking by 35 % points when veterans were aged 25-30, or as of 1978-1980 in the NHIS, but find any early effects were substantially attenuated later in life, and did not result in any long-term health consequences.
A major limitation of these studies is they are only able to estimate the average treatment effect of conscription on smoking behavior and health. In other words, studies have not been able to account for heterogeneous treatment effects by genotype, or the possibility that military-induced smoking varies across the spectrum of genetic risk. In addition, a significant link between military service and smoking behavior may be difficult to unearth due to the potentially offsetting effect of the GI Bill, which encouraged veterans to attend college after service. Prior research has shown the GI Bill increased schooling for WWII (Bound and Turner 2002) , Korea-era veterans (Stanley 2003) , and Vietnam veterans . Among white Vietnam veterans, 50 % used funds from the GI Bill for education-63 % of which was put towards college courses, resulting in 0.26 more years of college on average compared to non-veterans . Higher educational attainment is strongly associated with better health (e.g. Fuchs 1982; Grossman 2006; Lleras-Muney 2005) , and may have exerted an important influence on veterans by reinforcing positive health behaviors-either through improved decision-making and access to health-related information or because the boost in future earnings potential incentivized better health investments (Grossman 1972) . Along these lines, numerous studies have found a causal link between education and a reduction in smoking behavior (e.g. de Walque 2010; Farrell and Fuchs 1982) . In particular, studies have used the draft avoidance behavior documented by Card and Lemieux (2001) to infer causation from education to smoking. For example, De Walque (2007) and Grimard and Parent (2007) exploit the uptick in male college attendance in the early 1960s that occurred as a result of educational deferments and find convincing evidence that educational attainment reduced tobacco consumption.
Given the strong negative correlation between education and smoking in the literature, the GI bill may have acted as a second moderating environmental lever after the war, particularly for high-risk individuals. On the other hand, educational attainment may be endogenous or confounded in the GxE smoking model if it is driven by factors outside of the draft, such as socioeconomic background or unmeasured ability, that influence health behaviors. However, if draft status was orthogonal to standard socio-demographic variables at the time of the lottery and educational attainment after the war was directly related to draft eligibility, as past studies have shown, education may be another mechanism affecting the smoking behavior of conscripts. As a result, we also explore whether obtaining a college or advanced degree after the war moderated the smoking behavior of high-risk individuals in separate GxE interaction models. 
Data and descriptive statistics

Smoking phenotypes
The HRS asks several questions that pertain to current and former smoking behavior. All respondents were asked if they ever smoked more than 100 cigarettes in their lifetime (not including pipes or cigars). If the respondent answers yes to this question, they are asked if they currently smoke and if so, how many cigarettes or packs of cigarettes they smoke per day. If they report smoking in their lifetime but do not currently smoke, they are asked how many cigarettes or packs they smoked per day when they were smoking the most. The HRS also asks all current and former smokers when they started smoking, and if they no longer smoke, when they stopped. Smoking questions were fielded to both current and former smokers in the 1992 and 1998-2010 waves. 4 Our primary phenotypes of interest for smoking behavior include a dichotomous variable for whether or not an individual reports smoking 100 cigarettes or more in their lifetime (''Ever Smoker'') and a continuous variable for either the amount of cigarettes the respondent reports smoking per day if they currently smoke or the maximum amount of cigarettes the respondent smoked per day if they no longer smoke (''Cigarettes Per Day'').
There are a few limitations with the measurement of both phenotypes that bear some acknowledgement. First, with respect to the ''Ever Smoker'' phenotype, the majority of current or former smokers in our sample (74.4 %) report smoking before age 19, or before they were draft eligiblei.e. most men in our sample who served in the military did not initiate smoking during their tour of service or when they were draft eligible (only 16.1 % report onset between the ages of 19 and 22). However, because we do not have any information on the frequency of smoking behavior at younger ages, it is impossible to discern at what point individuals crossed the 100-cigarette threshold or became regular smokers. Tobacco use changes considerably during adolescence and young adults smoke fewer cigarettes daily and are less likely to smoke regularly than adults (CDC 2003; Johnston et al. 2005; Rouse et al. 2002) . Thus, nondaily, experimental, or ''social'' smoking behavior early on may have evolved into established use as a result of military service. Likewise, men who started smoking after age 22 (9.4 %) may have initiated because they experienced high levels of stress, difficulties assimilating back into civilian life, or other negative downstream effects from military service after the war. In both cases, because we cannot rule out the possibility that Vietnam-era service was a gateway to longer-term or more persistent tobacco use, we include the ''Ever Smoker'' phenotype in our results with the caveat that some men may have smoked 100 cigarettes or more before the war.
Second, since the HRS only asks former smokers about their lifetime maximum CPD, our ''Cigarettes Per Day'' phenotype measures current CPD for men who still smoke (approximately 45.2 % of current and former smokers in our sample), and maximum CPD for former smokers. Current daily smoking may be an inaccurate measure for lifetime intensity. For example, it is unlikely that a person who currently smokes two packs a day has been consistently smoking this amount since they started. Individuals may have changed their smoking behavior for health reasons, to compensate for the changing nicotine yields in manufactured cigarettes, or to adjust for increases in the real price of cigarettes over time (CDC 1994) . The decreasing social acceptability of smoking may also cause current smokers-and heavy smokers in particular-to underreport the number of cigarettes they smoke.
5 A comparison of sample means finds there is no significant difference between self-reports of CPD for current and former smokers-i.e. current smokers are not smoking more on average than former smokers did at their peak. Thus, while the ideal measure would report maximum CPD for all respondents, if smoking behavior among current smokers tends to remain at or below peak levels, we would expect our results to be biased downward if anything as a result of this discrepancy.
Smoking-related morbidities
Genetically-at-risk smokers tend to not only smoke more, but may also experience increased toxin exposure at fixed quantities of smoking, and are at increased risk for heart disease and lung cancer (Le Marchand et al. 2008; Thorgeirsson et al. 2008; Spitz et al. 2008) . To see if smoking among higher-risk genotypes resulted in any long-term health consequences, we examine outcomes for two primary smoking-related health phenotypes: cancer and hypertension. 6 We use a dichotomous variable for incidence of cancer, which is equal to ''1'' if the respondent reports ever being diagnosed with cancer or a malignant tumor of any kind except skin cancer and ''0'' otherwise. For hypertension, we calculate mean arterial blood pressure (MAP), or the average arterial pressure during a single cardiac cycle. MAP is often used as an alternate indicator of blood flow and is believed to be a better indicator of tissue perfusion than systolic blood pressure (SBP) since it accounts for the fact that two thirds of the cardiac cycle are spent in diastole. 7 MAP has also been shown to be a significant independent predictor of all-cause, cardiovascular, and coronary mortality (e.g. Benetos et al. 1997) . To calculate MAP in the HRS sample, we use measures of systolic and diastolic blood pressure taken during enhanced face-to-face interviews with an automated sphygomanometry (inflated blood pressure cuff).
Draft eligibility
To assess whether an individual was draft eligible, we follow prior studies that use the Vietnam-era draft lotteries as a quasi-natural experiment, and assign order of induction numbers based on restricted respondent date of birth files for cohorts born between 1948 and 1952 in the HRS. Table 1 shows the draft eligibility cutoffs and birth cohorts affected by each draft lottery. Based on the eligibility cutoffs reported, draft eligibility is equal to ''1'' if the 5 In general, self-reports of smoking behavior have been shown to be a reliable measure over time despite mounting social stigma (Hatziandreu et al. 1989 ) and findings from biochemical validation studies suggest self-reported usage is a valid estimate of smoking status in the population (Fortmann et al. 1984; Patrick et al. 1994) . 6 We also explored outcomes related to lung disease and lung function but failed to find any significant effects. Results are available from the authors upon request. 7 Mean arterial pressure MAP ð Þffi
lottery number corresponding to a respondent's date of birth was called in the corresponding draft year and ''0'' otherwise.
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Due to the high number of men who volunteered for the military or received educational deferments before the first draft lottery, the vast majority of studies exclude the older 1944-1949 birth cohorts, since this sample is far from representative (Angrist 1990 ). For example, using the NHIS, Dobkin and Shabani (2009) regress veteran status on draft eligibility and find men born between 1950 and 1952 on draft eligible days were 14.8 % points more likely to serve, whereas the probability of service for draft eligible men from the 1948 or 1949 cohorts was only around 7 %. We replicate this analysis with the HRS sample and do not find a significant difference in the likelihood of service for draft eligible men in the 1948-1952 and 1950-1952 birth cohorts. 9 Thus, because our sample of genotyped veterans is significantly lower than past studies that use larger, nationally representative data sets like the NHIS, we include the 1948-1949 birth cohorts to maximize the power of this study. Table 2 reports descriptive statistics for the sample by veteran and draft eligibility status. Independent t-tests comparing the means of variables between groups reveal veterans differ substantially from non-veterans along several dimensions. Veterans are more likely to have been regular smokers (0.692) than non-veterans (0.577), smoke 4.327 more cigarettes per day on average, and are 28 % more likely to continue smoking at older ages. Veterans have higher rates of high school completion (0.606) than non-veterans (0.418), but were less likely to obtain a college or advanced degree; only 23.2 % of veterans completed college compared with 40.4 % of non-veterans. On the other hand, descriptive statistics show no significant difference in marital status or smoking-related morbidities between veterans and non-veterans.
Descriptive statistics
Importantly, since the HRS is a study of older adults and we are observing veterans nearly 40 years after the Vietnam War, the exogeneity of the GRS and the random nature of the draft eligible and ineligible populations may be called into question if there is substantial attrition due to poor health or selective mortality in the HRS or in the Vietnam cohort. For example, potential problems could arise if conscripts who survived to be genotyped in 2006 or 2008 have lower GRSs or are more likely to be educated and therefore have lower mortality rates than comparable populations. In both cases, if selective mortality is correlated with the GRS or with educational attainment, draft eligibility is no longer exogenous, and the exclusion restriction on which our 2SLS estimates rest will be violated.
To explore this further, we first correlate (unstandardized) polygenic scores for smoking incidence and quantity with age for all white males in the HRS who were genotyped and reported their year of birth (N = 4,117). Our analysis does not find any significant correlation between the GRSs and age, indicating men who are at high risk for smoking in the HRS are not more likely to die or drop out of the sample than men at lower risk. In addition, to rule out selective mortality within the Vietnam cohort, we compare descriptive statistics for the draft eligible and ineligible populations. The results in Table 2 reveal no significant differences at the mean between draft eligible and ineligible men in the HRS by GRS, smoking status, health, demographics, or education, suggesting selection bias is modest if nonexistent in the aging Vietnam veteran sample-a finding that is supported in the literature. Conley and Heerwig (2012) find no effect of draft exposure on mortality, including for cause-specific death rates, in a larger sample of national death records, and Angrist et al. (2010) find little evidence of elevated mortality among draft-eligible men in the 2000 census. Importantly, Conley and Heerwig (2012) do find some evidence of elevated mortality among draft-eligible, college-educated men. However, they argue this effect works in the opposite direction of putative education-enhancing effects that could potentially violate the exclusion restriction in IV regression models-i.e. high SES men were not more likely to survive.
Finally, Table 3 compares descriptive statistics for white men born between 1948 and 1952 who provided genetic data (N = 631) with same-age peers who were not genotyped (N = 540). By and large there are few differences between the two groups. Genotyped men report smoking 2.4 more cigarettes per day, are less likely to report being Hispanic, and are more likely to report being married or partnered than non-genotyped men.
Methodology
To properly test and identify GxE interaction effects, we incorporate the latest approaches from population genetics into an IV framework to ensure that both G and E are independent of each other. Existing efforts to find associations between genetic variation and social behavior in large, multidisciplinary surveys are often unable to support causal inferences because they use endogenous measures of the environment, genotype, or both (Conley 2009; Fletcher and Conley 2013) . In the case of military service, the descriptive statistics in Table 2 reveal selection into the military is far from random, and likely to be correlated with factors like socioeconomic background, prior health status, In addition, because smoking behavior is highly polygenic, or reflects small contributions from many genetic loci, the use of single genetic variants in our GxE model may result in a form of omitted variable bias, whereby crucial genetic information is obscured and left sitting in the error term, confounding estimates. To yield a comprehensive measure of genetic risk, we calculate a genetic risk score (GRS) that sums risk alleles across independently segregating genotyped single nucleotide polymorphisms (SNPs). This condenses the amount of genetic information available for an individual into a single, quantitative measure of genetic risk, thus minimizing the possibility that ''G'' is acting as a proxy for other GxG, ExE, or GxE interactions while also maximizing statistical power. This approach also has the added advantage of using main effect analysis already extant in the literature, which benefits from large consortia of adequately powered data to efficiently estimate individual allelic effects.
Genetic risk score
We calculate linear polygenic scores for the HRS sample based on results from a recent GWAS meta-analysis conducted across 16 studies by the Tobacco and Genetics (TAG) Consortium among people of European ancestry (Furberg et al. 2010) . Specifically, we construct a composite ''risk score'' or genetic risk score (GRS) composed of weighted effects of specific single nucleotide polymorphisms (SNPs) for both smoking initiation (ever versus current smoker) and smoking quantity (number of cigarettes per day or CPD) using the HRS Genotype Data Version 1 (2006-2008 samples) . 10 We analyzed original genotype data to construct the score-i.e. imputed data was not analyzed. SNPs in the HRS genetic database were matched to SNPs with reported results in the GWAS. In the HRS genetic data set, 802,191 SNPs were available to construct the smoking initiation score and 802,903 SNPs were available to construct the CPD score. The matched set of SNPs was ''pruned'' to account for linkage disequilibrium (LD) using the clumping procedure (which considers the level of association between the SNP and the phenotype, not simply LD) in the second-generation PLINK software (Chang et al. 2015; Purcell and Chang 2014) .
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For each of these SNPs, a loading was calculated as the number of smoking-associated alleles multiplied by the effect-size estimated in the original GWAS. We do not impose a p value threshold; instead, SNPs with relatively large p-values or small effects are down weighted in the composite score. Loadings are then summed across the SNP set to calculate the polygenic score. After LD pruning/clumping was applied, 178,834 SNPs were used to generate the smoking initiation score and 179,245 SNPs were used to generate the CPD score.
The GRSs are standardized to have a mean of 0 and a standard deviation of 1 for the population of white males born between 1948 and 1952. Both the smoking initiation and smoking quantity scores are predictive of our two smoking phenotypes (cigarettes per day and ever smoker) in base, non-interactive main effects models for the entire sample of white, genotyped males in the HRS (see Table 4 ). However, in our sample of white males born between 1948 and 1952, the smoking quantity or CPD score is insignificant. Thus, we only report results from the GxE interaction analysis that use the GRS for smoking initiation.
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To control for confounding by population stratification-or the non-random distribution of genes across populations-we use principal components. The principal components measure the uncorrelated variation or dimensions in the data, accounting for ethnic or racial differences in genetic structures within populations that could bias estimates. We calculate the principal components using PLINK from the entire sample of genotyped respondents in the HRS, and include the first 20 in our regression analysis-a dimensionality that has generally proven adequate in the literature (Price et al. 2006) . Controlling for the first 20 principal components accounts for any systematic differences in ancestry that can cause spurious correlations while also maximizing the power that is needed to detect true associations.
To test the sensitivity of the genetic score to the environmental effect we regress smoking status on the smoking initiation GRS for the draft eligible and ineligible populations, and find preliminary evidence of a GxE effect (see Table 5 ); the smoking initiation score is positive and predictive of all four phenotypes in the draft eligible population, whereas the impact of the GRS is insignificant and considerably reduced in magnitude in the draft ineligible population. Yet, commensurate with previous findings, we 10 Genotyping was performed on the HRS sample using the Illumina Human Omni-2.5 Quad beadchip (HumanOmni2.5-4v1 array). The median call-rate for the 2006-2008 samples is 99.7 %.
11 Clumping takes place in two steps. The first pass is done in fairly narrow windows (250 kb) for all SNPs (the p value significance thresholds for both index and secondary SNPs is set to 1) with a liberal LD threshold (R 2 = 0.5). In a second pass, SNPs remaining after the first prune are again pruned in broader windows (5000 kb) but with a more conservative LD threshold (R 2 = 0.2). 12 GxE interaction models with the CPD GRS are available from the authors upon request.
are unable to detect a main effect of our environmental exposure, or instrumented veteran status, on smoking behavior and health in the base 2SLS model (see Table 6 ). The significant gradient between the genotype score and smoking behavior in the draft eligible population may explain the absence of an average treatment effect-i.e. other studies may have been unable to detect a main effect precisely because outcomes vary considerably by genotype within the draft eligible population.
Empirical model
To account for selectivity issues due to endogenous sorting into the military or unobserved heterogeneity that may bias results, we use an instrumental variables (IV) approach to properly identify GxE effects. IV estimation solves the problem of missing or unknown control variables in the same way a randomized control trial rules out the need for extensive controls in a regression. In a typical IV setup, an instrument is chosen that is (1) highly correlated with the causal variable of interest, or veteran status in this case, but (2) uncorrelated with any other determinants of the outcome of interest except through its effect on the endogenous regressor. The second condition is known as the ''exclusion restriction'' since the instrument is excluded from the causal model of interest.
Following prior studies, we use the Vietnam-era draft lottery as an instrument for veteran status to identify the causal effect of military service and genotype on veterans' smoking behavior and health after age 50. Since past Behav Genet research has shown draft eligibility is (1) highly correlated with actual veteran status, and (2) only affects outcomes through the first stage channel, or through its correlation with veteran status, it is considered a valid instrument for military service. 13 Consider the following GxE interaction model:
where VET i is coded as ''1'' if individual i reports serving in the military and ''0'' otherwise, GRS i is the genetic risk score for smoking initiation, GRS i 9 VET i is their interaction, Y i is the outcome of interest, X i is a vector of exogenous controls, and e i is the disturbance term. The VET i and GRS i 9 VET i terms are treated as endogenous and the DRAFT i and GRS i 9 DRAFT i terms are used as excluded instruments in a two-stage least squares (2SLS) IV framework, where DRAFT i is coded as ''1'' for draft eligible men and ''0'' for draft ineligible men according to the eligibility cutoffs reported in Table 1 . In a 2SLS approach, the first stage regresses the endogenous regressor on the instrument (and any other exogenous independent variables) and the second stage regresses the outcome on the fitted values from the first stage. For our GxE interaction model, the first-stage regressions are as follows:
where the model is exactly identified-i.e. the number of excluded instruments (DRAFT i and GRS i 9 DRAFT i ) is equal to the number of endogenous regressors (VET i and GRS i 9 VET i ). The vector of exogenous controls (X i ) includes the GRS effect for draft ineligible non-veterans, the first 20 principal components to account for population stratification in the genotype data, and dummies for year and month of birth. 14 To increase precision in the first stage estimates, or to strengthen the correlation between the GRS i 9 VET i and GRS i 9 DRAFT i terms, we model the main effect of the GRS in X i as GRS i 9 NODRAFT i , where NODRAFT i is equal to ''1'' if individuals were not drafted and never served in the military. 15 The first stage equations are then substituted into the structural equation to derive the reduced form in the second stage:
For all limited and continuous dependent variables in this study, the second stage equation is estimated with a simple linear probability model because it is the ideal specification when faced with a set of simultaneous equations where the instrument, the endogenous regressor, and the dependent variable take on a limited set of values (Angrist and Pischke 2008) . As long as DRAFT i is All regressions control for respondent month and year of birth, population stratification in the genotype data, and Hispanic ethnicity. Genetic risk score is standardized. The sample size is 631, except for mean arterial pressure (N = 620). Robust standard errors are in parentheses *** p \ 0.01 13 The first condition is easy to verify, and standard first stage statistics (partial R 2 and F-statistic) for the significance of the instruments in the HRS sample show draft eligibility and its interaction with the GRS are robust predictors of veteran status and its interaction with the GRS (tables are available upon request). The exclusion restriction, or second condition, cannot directly be tested. In this study, a violation of the exclusion restriction could occur if the stress of having a low draft number triggered smoking behavior. Heckman (1997) shows the IV estimator is not consistent if heterogeneous behavioral responses to the treatment-or military service in this case-are correlated with the instrument (i.e. draft eligibility). However, past research has provided convincing counterfactuals that suggest the exclusion restriction holds. For example, Angrist (1990) found no significant relationship between earnings and draft eligibility status for men born in 1953 (where draft eligibility was defined using the 1952 lottery cutoff of 95). Since the 1953 cohort was assigned RSNs but never called to service, if the draft affected outcomes directly, we would expect outcomes to vary by draft eligibility for this cohort.
14 A mechanical failure in the implementation of the first round of the lottery (balls with the days of the year were not mixed sufficiently after having been dumped in a month at a time) resulted in a disproportionately high probability of being drafted for those born in the last few months of the year (Fienberg 1971 ). This could bias estimates if those born later in the year differ in important ways from those born at other times during the year. For example, studies have shown health varies with season of birth. 15 In a typical linear regression model with an interaction term, the interaction term and each of the corresponding main effects are included as separate terms (e.g. ''draft'', ''GRS x draft'' and ''GRS''). Here, because we are using a 2SLS approach, and the ''GRS'' term is highly correlated with ''GRS x draft'', we model the main effect of the GRS as ''nodraft x GRS'' to strengthen the correlation between the ''GRS x veteran'' and the ''GRS 9 draft'' terms in the first stage. Using the GxE interaction term for draft ineligible non-veterans instead of the main effect of the GRS does not change the meaning of this term, which can still be interpreted as the marginal effect or slope for men who were not drafted and who did not serve. However, it does change the interpretation of d 2 , which now represents the marginal effect for draft eligible veterans instead of the difference between the marginal effects for draft eligible veterans and draft ineligible non-veterans. exogenous and only affects the outcome through the first stage channel, or through its correlation with VET i , we avoid any potential confounders, and the coefficient on d 1 can be interpreted as the local average treatment effect (LATE) of military status, or the marginal effect of veteran status at the mean GRS. 16 Similarly, because genetic inheritance is by and large the result of a random shuffling of paternal and maternal genotypes at conception, GRS i is exogenous, and the coefficient on the GxE interaction term (d 2 ) can be interpreted as the marginal effect of veteran status by genotype. Therefore, a statistically significant coefficient on d 2 would indicate the effect of veteran status on smoking behavior varies by genotype, or the existence of a synergistic relationship between genotype and military service on the phenotypic outcome of interest at higher (or lower) values of the GRS. In this way, the model allows us to estimate the effects of military service across the entire distribution of genetic risk for smoking initiation.
Results
GxE estimates for smoking behavior and smokingrelated morbidities
Regression analyses were carried out with Stata 13.1 (StataCorp 2013). Our main results are presented in Table 7 , which reports OLS and 2SLS estimates from the GxE interaction model. Results from the OLS models fail to find a significant GxE interaction effect among veterans. However, since all omitted genetic and environmental variables or pathways between self-reported veteran status and smoking behavior are not accounted for in this model, we cannot rule out the possibility that the naïve estimates are biased due to a host of other unobserved GxE, GxG, or ExE interactions.
Turning to the 2SLS models, we present the causal impact of veteran status on smoking behavior and smoking-related morbidities across the entire spectrum of genetic risk for smoking. 2SLS estimates of the ''Veteran'' coefficient capture the effect of conscription on our outcomes of interest at the mean GRS and the ''GRS 9 Veteran'' coefficient captures the effect of compulsory military service at all other values of the GRS. The ''GRS x Non-Veteran'' coefficient is the effect of the GRS on men who were not treated, or those who were not drafted and who did not serve in the military. The results indicate the presence of a statistically significant GxE interaction between Vietnam-era military service and the GRS for current or former smoker status (''Ever Smoker'') and smoking quantity (''Cigarettes Per Day''). A one standard deviation increase in the GRS of draft-induced soldiers results in a 16 % point increase in the likelihood of having ever been a smoker and increases quantity smoked per day by approximately 8 cigarettes. With respect to smokingrelated morbidities, we find some evidence that veterans have a higher lifetime risk of being diagnosed with cancer and are more susceptible to hypertension at older ages. A one standard deviation increase in the GRS increases the risk of being diagnosed with cancer by 8.46 % and elevates mean arterial pressure by 4.44 units.
Given our low sample size for detecting genetic associations, we conducted power analysis to evaluate whether the GxE coefficients (d 2 ) reported in Table 7 are underpowered. 17 Since our GRS is predictive of smoking behavior, effect sizes for d 2 are slightly larger in the CPD (0.0161) and ever smoker (0.0088) models than they are in the more indirect, smoking-related morbidity models for cancer (0.0054), and MAP (0.0078).
18 Using these effect sizes and the standard benchmark of 80 % power (p = 0.80), the statistical power-or the probability of identifying a statistically significant GxE effect under the alternative hypothesis that a true association exists-is found to be adequate for the CPD model (p = 0.89). Not surprisingly, given their lower effect sizes, the ever smoker (p = 0.656), cancer (p = 0.455) and MAP (p = 0.593) models are underpowered by conventional standards, indicating further GxE analysis on a larger sample of veterans would buttress the robustness of the findings we report here.
Across the board, we find no evidence that military service impacted the smoking behavior or health of conscripts with an average genetic predisposition for smoking-i.e. our findings are commensurate with other studies that are unable to identify a LATE of military service on smoking behavior and health (Dobkin and Shabani 2009; Eisenberg and Rowe 2009 ). These results indicate prior studies may in part have been unable to detect an overall LATE precisely because outcomes vary considerably by genotype. To illustrate this further, the first two rows in 16 The IV estimates of effects of military service using the draft lottery capture the effect of military service on ''compliers'', or men who served because they were draft eligible but who would not otherwise have served. It is not, therefore, an estimate of the effect of military service on men who volunteered. See Angrist and Pischke (2008) for a more detailed discussion of the interpretation of the LATE for the Vietnam-era draft.
17 Post hoc power analysis was conducted for the GxE coefficients using the software package G*Power (Faul et al. 2009 ). The sample size of 631 was used for statistical power analysis on a multivariate linear regression equation with 83 predictors at the conventional, twotailed 0.05 significance level (a ¼ 0:05Þ. 18 The partial R 2 or Cohen's effect size for the GxE coefficient was estimated from an OLS regression of Eq. 4. To minimize any potential bias in the estimation of the effect sizes due to the endogeneity of self-reported veteran status, we model the GxE interaction terms in the OLS model using draft eligibility status instead of self-reported veteran status. Table 8 estimate the total treatment effect of military service on smoking behavior for high-risk genotypes by taking a post-estimation linear combination of the marginal effects for veterans with GRSs one and two standard deviations above the mean.
19 Veterans with a GRS one standard deviation above the mean are more likely to have ever been smokers and report smoking approximately 18 more cigarettes per day than non-veterans with the same GRS. The sizable variation in outcomes by genotype can be seen in Fig. 1 , which plots the total difference in predicted cigarettes smoked per day for veterans versus nonveterans at all values of the smoking initiation GRS with 95 % confidence intervals. A strong treatment effect persists for veterans with a GRS at approximately one standard deviation or higher, whereas the total treatment effect below one standard deviation is not statistically significant. 20 Finally, total treatment effects are significant for the smoking behavior phenotypes only, or the GxE effect on smoking-related morbidities is only significant at the margin.
The influence of post-service educational attainment on smoking
To investigate the possibility that increases in smoking behavior due to military service were offset by post-service schooling gains from veterans' use of the GI Bill, we also estimate separate 2SLS models that include a control variable for education (coded as ''1'' if the respondent reports obtaining a college or advanced degree, and ''0'' otherwise) to calculate total effects by educational attainment (see Table 8 ). Education may be endogenous or confounded in the smoking model if it is correlated with omitted variables that influence smoking behavior, such as socioeconomic status or ability. However, if extra schooling is a downstream effect of military service (i.e. via the GI Bill) it may be a second mechanism through which draft eligibility influenced smoking behavior. Given the high correlation between educational attainment and health-enhancing behaviors in the literature, post-service educational attainment may have acted as a second environmental lever that attenuated any initial shocks to smoking behavior in young adulthood-particularly for high-risk genotypes. Estimated from the health and retirement study. IV estimates of the ''GRS 9 Veteran'' coefficient capture the effect of military service on men who served because they were draft eligible, while the ''GRS 9 Non-Veteran'' coefficient captures the effect of the GRS on draft ineligible nonveterans. All regressions control for respondent month and year of birth, population stratification in the genotype data, and Hispanic ethnicity. Genetic risk score is standardized. Robust standard errors are in parentheses * p \ 0.10; ** p \ 0.05; *** p \ 0.01
19 Specifically, we estimate the total difference between veterans and non-veterans, or the total treatment effect, by adding the marginal treatment effects for veterans (''Veteran'' ? ''GRS x Veteran'') and subtracting them from the marginal treatment effect for draft ineligible non-veterans (''GRS 9 Non-Veteran''). To ensure the accuracy of the standard errors, this is done using a post-estimation linear combination. 20 We note that due to low sample sizes at higher values of the GRS, IV estimates three or more standard deviations away from the mean may not accurately predict total treatment effects. 21 The exogenous downstream effect of educational attainment might be compromised if the high correlation between draft eligibility and schooling is a reflection of draft avoidance behavior rather than military service-i.e. if it is a capturing the effect of men with low draft lottery numbers who ''beat the draft'' by obtaining educational deferments. find small but statistically significant positive effects of service on educational attainment for white men born between 1948 and 1952. Weighing this against the sharp decline in educational deferments during the draft lottery period, they argue there is little evidence to support the claim that increases in schooling among draft eligible men are due to draft avoidance behavior.
Consistent with our hypothesis, the statistically significant difference in smoking behavior between high-risk veterans and non-veterans completely disappears for college-educated men, while a strong, adverse effect persists for veterans who did not obtain a college degree. The variation in outcomes by educational attainment can be seen in Figs. 2 and 3 , which plot the total effects from our CPD GxE model at all values of the GRS for veterans who did and did not obtain a college degree with 95 % confidence intervals. GxE effects are significant at the 0.05 level for non-college educated men with GRSs at or above 0.4, whereas the results for college educated men are statistically significant for men at extreme risk only (i.e. GRSs greater than or equal to 3.4).
However, while the results we report here indicate postservice education may have had a considerable moderating influence on the long-term smoking behavior of genetically-at-risk men who were called to service, we cannot observe whether our smoking variables precede any GI Bill-funded education, and it is entirely possible that other confounders or mediating pathways explain the patterns between college education and smoking behavior we report. For example, research has shown children with higher scores on tests of IQ (cognitive function) are healthier and better educated as adults compared to their peers with lower IQ scores (for a review see Batty et al. 2007) . The data reported here are entirely consistent with higher IQ men both avoiding excess cigarette consumption during conscription and taking disproportionate advantage of the GI Bill following release from service. Moreover, assignment to the theater of war was by no means random and studies have shown men with lower Armed Forces Qualification Test (AFQT) scores and fewer support role skills were more likely to be exposed to combat (e.g. Gimbel and Booth 1996) where the stress of war, peer effects, and access to free cigarettes created the perfect storm for nicotine abuse. If not directly killed in combat, post-traumatic stress may have raised cigarette consumption for lower AFQT men who may have been less likely to pursue a college education after the war. Thus, further analysis is needed to clarify pathways between military service, education, and long-term reductions in smoking behavior.
Discussion
Tobacco is the leading cause of preventable death among civilian populations and continues to be a significant and pressing health problem within the US military. The military spends approximately $1.6 billion a year on tobacco- The total treatment effect of military service is estimated by adding the marginal treatment effects for veterans (''Veteran'' ? ''GRS 9 Veteran'') from the IV regressions in Table 7 and subtracting them from the marginal treatment effect for non-veterans who were not drafted (''Non-Veteran x GRS''). To ensure the accuracy of the standard errors, this is done using a post-estimation linear combination. The same technique is used to estimate the total effect of military service for veterans who did and did not obtain a college or advanced degree using results from IV regressions that include a control for college education. Robust standard errors are in parentheses * p \ 0.10; ** p \ 0.05; *** p \ 0.01 (Helyer et al. 1998) . Using a polygenic score to measure genetic risk and an instrumental variables approach to operationalize the environmental exposure, this study finds evidence that military-induced smoking during the Vietnam era amplified polygenic risk for cigarette consumption. Vietnam veterans with a GRS one to two standard deviations above the mean were approximately 57-71 % more likely to have been smokers and smoked 18-27 more cigarettes per day more than nonveterans with the same GRS. On the other hand, we do not find a significant treatment effect for conscripts with GRSs at or below the mean. Heterogeneous response-by genotype-might explain why past studies that have used the draft lotteries to investigate smoking behavior have been unable to detect a LATE. Limitations to these analyses should be mentioned. A significant drawback of our IV estimation strategy, and a common criticism of the natural experiment approach to IV estimation in general, is we cannot fully spell out the underlying theoretical relationships between military service and smoking behavior (Angrist and Krueger 2001) . For example, we cannot unravel the influence of specific mechanisms surrounding time in Vietnam-such as combat positions, year of arrival, or number of tours-on cigarette consumption, making it difficult to identify what aspects of the war experience intensified smoking behavior. In other words, there is nothing in our IV model that explains why Vietnam-era service affects smoking behavior.
However, due to endogeneity issues, current methods being used to uncover GxE interactions in observational studies are inadequate to support policy inference. Although we caution that estimates from this study apply specifically to veterans from the Vietnam era, and are therefore not externally valid or cannot be generalized to the population as a whole or even to present-era military personnel, their high degree of internal validity may direct practitioners to effective treatments for high-risk individuals. Thus, while inducing a military draft lottery, for example, would not be an intervention to promote public health (nor would wholesale decommissioning of military personnel be politically feasible), to the extent that the Vietnam-era draft lottery serves as a proxy for stressful events in young adulthood, or exposure to combat, policymakers may want to design interventions to minimize similar traumatic events. In particular, the strong impact of college education on the attenuation of smoking behavior in adulthood signals educational attainment may be an important pathway for mitigating other potentially harmful GxE experiences at younger ages.
In addition, given the relatively small effect size between our GRS for smoking behavior and our phenotypes of interest, this study would benefit from the added power of a larger sample-particularly for the indirect smoking-related morbidities we report. For example, future research that exploits quasi-natural experiments such as differences in tobacco taxes that can be operationalized in larger genotyped populations like the UK Biobank are needed to detect GxE associations between smoking behavior and longer-term health problems. Yet, despite our low sample size, we are able to detect adequately powered effects of military service on smoking quantity or intensity, underscoring the importance of using polygenic scores or genetic associations that benefit from prior analysis of large, well-powered consortia to estimate individual allelic effects.
More generally, we think this study provides an example for a way forward by which genotype can serve as the moderating prism to filter out discernable heterogeneity in treatment effects. It is primarily in this way, we believe, that genetics and social science will be fruitfully integrated. It is important for other scholars to not only be careful about estimating environmental factors using econometric techniques (or randomized controlled trials) that insure the exogeneity of the environmental regime in question but to also deploy adequate safeguards against population stratification. That is, where possible researchers should deploy withinfamily models to guarantee that genotype is randomly assigned or-absent pedigreed data-should control for principal components in cross-family models as we do here.
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